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PROBLEM TO BE SOLVED: To rationalize the 
production process of a thin-film dual-gate transistor. 
SOLUTION: The thin-film semiconductor device 
contains at least the thin-film transistor formed on a 
substrate 1 . The transistor has the dual-gate structure 
which is composed of a semiconductor thin film 4 and 
a pair of gate electrodes 2F, 2R which are arranged 
in the upper part and the lower part of the film 4 via 
respective insulating films. The gate electrode 2R on 
one side is composed of a material whose 
transmissivity is at less than 1%. The gate electrode 
2F on the other side is composed of a material whose 
transmissivity is at 1 % or more. 
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l.This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the thin film semiconductor device characterized by, as for one gate electrode, for 
permeability consisting of less than 1% of ingredient, and permeability consisting of 1% or more of 
ingredient in the thin film semiconductor device which has the dual gate structure where this thin 
film transistor serves as a semi-conductor thin film from the upper part of this semi-conductor thin 
film, and the gate electrode of a couple arranged caudad through an insulator layer, respectively, 
including at least the thin film transistor formed on the substrate, as for the gate electrode of another 
side. 

[Claim 2] It is the thin film semiconductor device according to claim 1 which contains the pixel 
electrode driven by this thin film transistor, and is characterized by permeability consisting of 1% or 
more of ingredient in the same layer as the gate electrode of this another side, as for this pixel 
electrode. 

[Claim 3] It is the thin film semiconductor device according to claim 1 characterized by patterning 
being carried out by the photolithography which uses one [ this ] gate electrode as a mask while, as 
for one [ said ] gate electrode, this semi-conductor thin film is arranged caudad and the gate 
electrode of said another side is arranged above this semi-conductor thin film. 
[Claim 4] It is the thin film semiconductor device according to claim 1 characterized by for one 
[ said ] gate electrode consisting of a metallic material, and the gate electrode of said another side 
consisting of a transparence electrical conducting material. 

[Claim 5] Said semi-conductor thin film is a thin film semiconductor device according to claim 1 
characterized by consisting of polycrystalline silicon crystallized by the exposure of a laser beam. 
[Claim 6] The thin film transistor formed on the substrate is included at least. This thin film 
transistor In the manufacture approach of a thin film semiconductor device of having the dual gate 
structure which serves as a semi-conductor thin film from the upper part of this semi-conductor thin 
film, and the gate electrode of a couple arranged caudad through an insulator layer, respectively The 
manufacture approach of the thin film semiconductor device characterized by for permeability 
forming one gate electrode with less than 1% of ingredient, and permeability forming the gate 
electrode of another side with 1% or more of ingredient. 

[Claim 7] It is the manufacture approach of a thin film semiconductor device according to claim 6 
that the process which forms the pixel electrode driven by this thin film transistor is included, and 
this pixel electrode is characterized by permeability using 1% or more of ingredient in the same layer 
as the gate electrode of this another side. 

[Claim 8] It is the manufacture approach of the thin film semiconductor device according to claim 6 
characterized by carrying out patterning by the photolithography to which the gate electrode of this 
another side uses one [ this ] gate electrode as a mask while this semi-conductor thin film arranges 
one [ said ] gate electrode caudad and arranging the gate electrode of said another side above this 
semi-conductor thin film. 

[Claim 9] It is the manufacture approach of the thin film semiconductor device according to claim 6 
characterized by forming one [ said ] gate electrode with a metallic material, and forming the gate 
electrode of said another side with a transparence electrical conducting material. 
[Claim 10] Said semi-conductor thin film is the manufacture approach of the thin film semiconductor 
device according to claim 6 characterized by using the polycrystalline silicon crystallized by the 
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exposure of a laser beam. 

[Claim 1 1] It consists of a substrate of the couple joined through the predetermined gap, and liquid 
crystal held in this gap. A thin film transistor and the pixel electrode which this drives are formed in 
one substrate, and the electrode which counters a pixel electrode is formed in the substrate of another 
side. This thin film transistor In the liquid crystal display which has the dual gate structure which 
serves as a semi-conductor thin film from the upper part of this semi-conductor thin film, and the 
gate electrode of a couple arranged caudad through an insulator layer, respectively It is the liquid 
crystal display characterized by, as for one gate electrode, for permeability consisting of less than 
1% of ingredient, and permeability consisting of 1% or more of ingredient, as for the gate electrode 
of another side. 

[Claim 12] This pixel electrode is a liquid crystal display according to claim 1 1 characterized by 
permeability consisting of 1% or more of ingredient in the same layer as the gate electrode of this 
another side. 

[Claim 13] It is the liquid crystal display according to claim 1 1 characterized by patterning being 
carried out by the photolithography which uses one [ this ] gate electrode as a mask while, as for one 
[ said ] gate electrode, this semi-conductor thin film is arranged caudad and the gate electrode of said 
another side is arranged above this semi-conductor thin film. 

[Claim 14] It is the liquid crystal display according to claim 1 1 characterized by for one [ said ] gate 
electrode consisting of a metallic material, and the gate electrode of said another side consisting of a 
transparence electrical conducting material. 

[Claim 15] Said semi-conductor thin film is a liquid crystal display according to claim 1 1 
characterized by consisting of polycrystalline silicon crystallized by the exposure of a laser beam. 
[Claim 16] It is the electroluminescence display characterized by forming on a substrate a thin film 
transistor and the electroluminescent element which this drives, as for one gate electrode, for 
permeability consisting of less than 1% of ingredient in the electroluminescence display which has 
the dual gate structure where this thin film transistor serves as a semi-conductor thin film from the 
upper part of this semi-conductor thin film, and the gate electrode of a couple arranged caudad 
through an insulator layer, respectively, and permeability consisting of 1% or more of ingredient, as 
for the gate electrode of another side. 

[Claim 17] From the luminescent material with which this electroluminescent element was held 
between the electrode of a couple, and these. The electrode of the direction connected to this thin 
film transistor is a electroluminescence display according to claim 16 characterized by permeability 
consisting of 1% or more of ingredient in the same layer as the gate electrode of this another side. 
[Claim 18] It is the electroluminescence display according to claim 16 characterized by patterning 
being carried out by the photolithography which uses one [ this ] gate electrode as a mask while, as 
for one [ said ] gate electrode, this semi-conductor thin film is arranged caudad and the gate 
electrode of said another side is arranged above this semi-conductor thin film. 
[Claim 19] It is the electroluminescence display according to claim 16 characterized by for one 
[ said ] gate electrode consisting of a metallic material, and the gate electrode of said another side 
consisting of a transparence electrical conducting material. 

[Claim 20] Said semi-conductor thin film is a electroluminescence display according to claim 16 
characterized by consisting of polycrystalline silicon crystallized by the exposure of a laser beam. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film semiconductor device used for 
actuation substrates, such as a liquid crystal display and an organic electroluminescence display, and 
its manufacture approach. It is related with a thin film semiconductor device in more detail at the 
amelioration technique of the thin film transistor of the dual gate structure by which accumulation 
formation is carried out. 
[0002] 

[Description of the Prior Art] The thin film transistor by which accumulation formation is carried out 
uses amorphous silicon or polycrystalline silicon for a thin film semiconductor device at a barrier 
layer. The process technique which forms an amorphous silicon thin film transistor in a glass 
substrate cheap from the former by the large area is established. By fusion on the process technique 
established by development and the amorphous silicon thin film transistor of the laser annealing 
crystalizing method, on a too cheap glass substrate, polycrystalline silicon also covers a large area 
and formation of it is being attained. Especially the thin film semiconductor device of a large area is 
applicable to the liquid crystal display of a active-matrix mold etc. When a polycrystalline silicon 
thin film transistor was used, in the liquid crystal display of a active-matrix mold, the surrounding 
actuation circuit could be formed in one not only the switching element of a pixel but on the same 
substrate with the high level of current actuation capacity using the thin film transistor. 
[0003] By the way, there are two kinds of structures of a thin film transistor greatly. One is the top 
gate structure where the gate electrode was formed above the barrier layer which consists of a semi- 
conductor thin film on a substrate. Another is the bottom product gate structure where the gate 
electrode was formed below the barrier layer. In recent years, the thin film transistor of the dual gate 
structure which combined both is developed, and it is indicated by JP,1-53459,A and JP,10- 
209452, A. Dual gate structure is the thing of the semi-conductor thin film used as the barrier layer of 
a thin film transistor which prepared the gate electrode up and down, respectively, and has improved 
the operating characteristic of a thin film transistor by impressing the same gate voltage 
simultaneously from the upper and lower sides. 
[0004] 

[Problem(s) to be Solved by the Invention] However, dual gate structure has the technical problem 
that a manufacture process is complicated, compared with top gate structure or bottom product gate 
structure, in order [ of a semi-conductor thin film ] to prepare a gate electrode up and down, 
respectively. 
[0005] 

[Means for Solving the Problem] This invention aims at rationalizing the manufacture process of a 
thin film transistor of having dual gate structure in view of the technical problem of a Prior art 
mentioned above. The following means were provided in order to attain the starting object. That is, 
this thin film transistor has the dual gate structure which serves as a semi-conductor thin film from 
the upper part of this semi-conductor thin film, and the gate electrode of a couple arranged caudad 
through an insulator layer, respectively, including at least the thin film transistor by which the thin 
film semiconductor device concerning this invention was formed on the substrate. As a description 
matter, as for one gate electrode, permeability consists of less than 1% of ingredient, and, as for the 
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gate electrode of another side, permeability consists of 1% or more of ingredient. In the one 
embodiment, the thin film semiconductor device contains the pixel electrode driven by this thin film 
transistor, and, as for this pixel electrode, permeability consists of 1% or more of ingredient in the 
same layer as the gate electrode of this another side. Preferably, as for one [ said ] gate electrode, this 
semi-conductor thin film is arranged caudad, and while the gate electrode of said another side is 
arranged above this semi-conductor thin film, patterning of it is carried out by the photolithography 
which uses one [ this ] gate electrode as a mask. Moreover, one gate electrode consists of a metallic 
material, and the gate electrode of another side consists of a transparence electrical conducting 
material. Preferably, said semi-conductor thin film consists of polycrystalline silicon crystallized by 
the exposure of a laser beam. 

[0006] While according to this invention a thin film transistor has dual gate structure, for example, as 
for a lower gate electrode, permeability consists of less than 1% of metallic material, as for an upper 
gate electrode, permeability consists of 1% or more of transparence electrical conducting material. 
Since the lower gate electrode is optically opaque, it can be used as a light-shielding film. Since the 
upper gate electrode is transparent, it can constitute from same ingredient as the pixel electrode of a 
transparency mold display. Moreover, patterning is possible in an upper transparent gate electrode at 
self-alignment, using a lower opaque gate electrode as a mask. Therefore, in the thin film transistor 
which has dual gate structure, when permeability constitutes one gate electrode from less than 1% of 
an ingredient and permeability constitutes the gate electrode of another side from 1% or more of an 
ingredient, it is possible to attain various process rationalization. 
[0007] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of operation of this invention 
is explained to a detail below. Drawing 1 is the typical fragmentary sectional view showing an 
example of the first operation gestalt of the thin film semiconductor device concerning this 
invention. This thin film semiconductor device contains at least the thin film transistor formed in the 
substrate 1 which consists of glass etc. so that it may illustrate. This thin film transistor has the dual 
gate structure which serves as the semi-conductor thin film 4 from the upper part of the semi- 
conductor thin film 4, and the gate electrodes 2F and 2R of a couple arranged caudad through an 
insulator layer, respectively. Si02 whose thickness background gate electrode 2R is formed in the 
front face of a substrate 1 with this operation gestalt, and is 500nm about a it top from — it has 
covered with the becoming insulator layer 3. On the insulator layer 3, the semi-conductor thin film 4 
which consists of polycrystalline silicon is arranged. The thickness is 40nm. side front gate electrode 
2F — the same — Si02 from — it is formed on the becoming insulator layer 7. The part of the semi- 
conductor thin film 4 pinched by side front gate electrode 2F and background gate electrode 2R 
serves as the channel field Ch, and the source field S where the impurity was poured into the both 
sides by high concentration, and the drain field D are formed, the thin film transistor of the dual gate 
mold which has the starting configuration - Si02 etc. — from — it is covered with the becoming 
interlayer insulation film 9. The contact hole is carrying out opening to this interlayer insulation film 
9, and the wiring 5S and 5D which consists of metal aluminum etc. is formed on it. 
[0008] As a description matter of this invention, as for one gate electrode, permeability consists of 
less than 1% of ingredient, and, as for the gate electrode of another side, permeability consists of 1% 
or more of ingredient. With this operation gestalt, background gate electrode 2R consists of an 
ingredient of less than 1% of permeability, and, as for side front gate electrode 2F, permeability 
consists of 1% or more of ingredient. Background gate electrode 2R consists of a metallic material, 
and is optically opaque. Side front gate electrode 2F consist of transparence electrical conducting 
materials, such as ITO, and are optically transparent. It is possible to carry out patterning of the 
transparent gate electrode 2F optically by self-alignment by using opaque background gate electrode 
2R as a mask. In addition, the semi-conductor thin film 4 consists of polycrystalline silicon 
crystallized by the exposure of a laser beam. This laser crystallization method serves as an important 
technique, when forming a thin film transistor in a low-temperature process 600 degrees C or less. 
[0009] Then, the manufacture approach of the thin film semiconductor device applied to this 
invention with reference to drawing 1 is explained to a detail. First, metal wiring used as background 
gate electrode 2R is formed on the insulating substrate 1 which consists of glass etc. Since this metal 
is used as wiring, the metallic material of low resistance is comparatively used for aluminum, Mo, 
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Cr, etc. Moreover, background gate electrode 2R is available also as an optical protection-from-light 
layer to the channel field Ch of a thin film transistor, and, for the reason, permeability is set up to 1% 
or less. Therefore, background gate electrode 2R is optically opaque, this wiring layer top — for 
example, a CVD method — Si02 from — the becoming insulator layer 3 and the semi-conductor thin 
film 4 which consists of amorphous silicon are formed. An insulator layer 3 and the semi-conductor 
thin film 4 can be continuously formed using the same CVD system. However, this invention is not 
restricted to this and may form nonsequetially an insulator layer 3 and the semi-conductor thin film 4 
with separate equipment. With this operation gestalt, the thickness of an insulator layer 3 is about 
500nm, and the thickness of the semi-conductor thin film 4 is about 40nm. A laser beam is irradiated 
from a side front after this at the semi-conductor thin film 4, and amorphous silicon is converted into 
polycrystalline silicon. Thereby, the mobility of a thin film transistor improves substantially. Then, 
after setting the semi-conductor thin film 4 by the configuration of the component field of a thin film 
transistor and carrying out patterning to island shape, the gate dielectric film 7 on a side front is 
formed. For example, it is Si02 by, CVD. About lOOnm is deposited. Moreover, patterning formation 
of side front gate electrode 2F is carried out. For example, after forming transparence electric 
conduction film, such as ITO, on an insulator layer 7, coating of the photoresist is further carried out 
on it. After this, by using metal gate electrode 2R as a mask, exposure processing is performed from 
the background of a substrate 1, and patterning of the photoresist is carried out by self-alignment. 
After developing a photoresist, the transparence electric conduction film is etched for this as a mask, 
and gate electrode 2F are formed. As mentioned above, with this operation gestalt, using the rear- 
face exposing method, the pattern of background gate electrode 2R can be imprinted to side front 
gate electrode 2F, and it leads to process rationalization. In addition, side front gate electrode 2F may 
be replaced with transparence electrical conducting materials, such as ITO, and the thin metallic 
material of thickness is sufficient as them. By making thickness thin, permeability is securable 1% or 
more. Moreover, as much as possible, the direction which made thin thickness of side front gate 
electrode 2F is desirable, when lessening the level difference of a thin film transistor. 
[0010] Then, by using side front gate electrode 2F as a mask, by ion implantation or ion doping, an 
impurity is injected into the semi-conductor thin film 4, and the source field S formed into low 
resistance and the drain field D are formed, thus, the thin film transistor top of the created dual gate 
structure — Si02 etc. — from — the becoming interlayer insulation film 9 is covered. The contact hole 
which is open for free passage to the source field S and the drain field D to this interlayer insulation 
film 9 is opened, and the metal used as Wiring 5S and 5D is formed. In addition, in the thin film 
transistor of dual gate structure, the gate voltage of same electric potential is fundamentally 
impressed to background gate electrode 2R and side front gate electrode 2F. For this reason, the 
process which carries out electrical connection of side front gate electrode 2F to background gate 
electrode 2R is needed. For example, what is necessary is to open a contact hole and just to connect 
with background gate electrode 2R and same electric potential using this, before forming side front 
gate electrode 2F. Or the approach of also opening the contact hole to background gate electrode 2R 
in opening and coincidence of a contact hole to the source field S and the drain field D, and 
connecting side front gate electrode 2F and background gate electrode 2R with them with the last 
metal wiring may be used. 

[001 1] Drawing 2 is the typical fragmentary sectional view showing an example of the second 
operation gestalt of the thin film semiconductor device concerning this invention. A corresponding 
reference number is given to the first operation gestalt shown in drawing 1 , and a corresponding 
part, and an understanding is made easy. This operation gestalt contains the pixel electrode 10 driven 
by the thin film transistor which has dual gate structure. As for this pixel electrode 10, permeability 
consists of 1% or more of ingredient in the same layer as side front gate electrode 2F. For example, 
both the pixel electrode 10 and side front gate electrode 2F consist of transparence electrical 
conducting materials, such as ITO. Since patterning of the pixel electrode 10 and side front gate 
electrode 2F can be carried out simultaneously, it leads to process rationalization. In addition, 
patterning of side front gate electrode 2F cannot be carried out by the self-alignment which used 
background gate electrode 2R as the mask in this case. Paying attention to this point, with this 
operation gestalt, patterning of the background gate electrode 2R has been carried out beforehand 
more greatly than the channel field Ch, and protection-from-light nature is secured. A surroundings 
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lump of light can be prevented by enlarging the face shield product of background gate electrode 2R. 

[0012] Drawing 3 is the typical perspective view showing an example of the liquid crystal display of 
the active-matrix mold concerning this invention. This liquid crystal display uses for an actuation 
substrate the thin film semiconductor device shown in drawing 2 , and is formed. This liquid crystal 
display has structure which held liquid crystal 17 between the actuation substrate 1 and the opposite 
substrate 20. Accumulation formation of the pixel array section and the circumference circuit section 
is carried out at the actuation substrate 1 . The circumference circuit section is divided into the 
vertical-scanning circuit 41 and the horizontal scanning circuit 42. Moreover, the terminal electrode 
47 for external connection is also formed in the upper bed side of the actuation substrate 1 . Each 
terminal electrode 47 is connected to the vertical-scanning circuit 41 and the horizontal scanning 
circuit 42 through wiring 48. The gate wiring 43 and signal wiring 44 which cross mutually are 
formed in the pixel array section. It connected with the vertical-scanning circuit 41, and the gate 
wiring 43 has connected signal wiring 44 to the horizontal scanning circuit 42. The pixel electrode 
10 and thin film transistor FTF which drives this are formed in the intersection of both wiring 43 and 
44. On the other hand, the counterelectrode is formed although not illustrated to the internal surface 
of the opposite substrate 20. The thin film transistor TFT formed in the pixel array section 
constitutes the shift register formed in the surrounding vertical-scanning circuit 41 and the 
surrounding horizontal scanning circuit 42 from this example by the thin film transistor of dual gate 
structure to being the usual single gate mold according to this invention. 
[0013] Drawing 4 is the typical fragmentary sectional view showing an example of the 
electroluminescence display concerning this invention, and expresses only 1 pixel. This operation 
gestalt is replaced with a liquid crystal cell as an electro-optics component, and organic 
electroluminescent element OLED is used for it. OLED piles up in order the anode plate A which 
consists of transparence electric conduction film, such as ITO, etc., an organic layer 110, and the 
metaled cathode K. It has dissociated for every pixel and the anode plate A is fundamentally 
transparent. Common connection of the cathode K is made between pixels, and it is light reflex 
nature fundamentally. If the electrical potential difference (about 10V) of the forward direction is 
impressed between anode plate A / cathode K of OLED which has the starting configuration, 
impregnation of carriers, such as an electron and an electron hole, will take place, and luminescence 
will be observed. Actuation of OLED is considered to be luminescence by the exciton formed with 
the electron poured in from an impregnation **** electron hole and Cathode K from the anode plate 
A. OLED carries out outgoing radiation of the light emitted itself to a rear-face side from the front- 
face side of the substrate 1 which consists of glass etc. The thin film transistor of a graphic display 
has dual gate structure equipped with gate electrode 2R on on the gate electrode 2F and the 
background of a side front according to this invention. 
[0014] 

[Effect of the Invention] As explained above, according to this invention, the background gate 
electrode of the thin film transistor which has dual gate structure is made opaque, and the side front 
gate electrode is made into transparence. Thereby, a process can be rationalized in the configuration 
list of a thin film transistor. For example, the optical leakage current of a thin film transistor can be 
controlled by using a lower gate electrode as a light-shielding film. Moreover, since a side front gate 
electrode and a pixel electrode can be formed by the common transparence conductive layer, a 
process can be simplified. Furthermore, an opaque background gate electrode can carry out 
patterning processing of the side front gate electrode transparent as a mask in self-alignment. In 
addition, the engine performance of a thin film transistor improves by adopting dual gate structure. 
The short channel effect can be controlled and, specifically, pressure-proofing of a drain edge goes 
up. It is possible to make a LDD field unnecessary by this. Since dual gate structure can ease the 
electric-field concentration in a drain edge, it can control the short channel effect while it leads to the 
improvement in a proof pressure. 
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PRIOR ART 



[Description of the Prior Art] The thin film transistor by which accumulation formation is carried out 
uses amorphous silicon or polycrystalline silicon for a thin film semiconductor device at a barrier 
layer. The process technique which forms an amorphous silicon thin film transistor in a glass 
substrate cheap from the former by the large area is established. By fusion on the process technique 
established by development and the amorphous silicon thin film transistor of the laser annealing 
crystalizing method, on a too cheap glass substrate, polycrystalline silicon also covers a large area 
and formation of it is being attained. Especially the thin film semiconductor device of a large area is 
applicable to the liquid crystal display of a active-matrix mold etc. When a polycrystalline silicon 
thin film transistor was used, in the liquid crystal display of a active-matrix mold, the surrounding 
actuation circuit could be formed in one not only the switching element of a pixel but on the same 
substrate with the high level of current actuation capacity using the thin film transistor. 
[0003] By the way, there are two kinds of structures of a thin film transistor greatly. One is the top 
gate structure where the gate electrode was formed above the barrier layer which consists of a semi- 
conductor thin film on a substrate. Another is the bottom product gate structure where the gate 
electrode was formed below the barrier layer. In recent years, the thin film transistor of the dual gate 
structure which combined both is developed, and it is indicated by JP,1-53459,A and JP,10- 
209452, A. Dual gate structure is the thing of the semi-conductor thin film used as the barrier layer of 
a thin film transistor which prepared the gate electrode up and down, respectively, and has improved 
the operating characteristic of a thin film transistor by impressing the same gate voltage 
simultaneously from the upper and lower sides. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical fragmentary sectional view showing the first operation gestalt of the thin 
film transistor concerning this invention. 

[Drawing 2] It is the typical fragmentary sectional view showing the second operation gestalt of the 
thin film semiconductor device concerning this invention. 

[Drawing 3 ] It is the perspective view showing an example of the liquid crystal display of the active- 
matrix mold concerning this invention. 

[Drawing 4] It is the typical fragmentary sectional view showing an example of the organic 
electroluminescence display concerning this invention. 
[Description of Notations] 

1 [ ... Gate dielectric film, 4 / ... A semi-conductor thin film, 7 / ... Gate dielectric film, 9 / ... An 
interlayer insulation film, 10 / ... Pixel electrode ] ... A substrate, 2F ... A side front gate electrode, 
2R ... A background gate electrode, 3 
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